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[57] ABSTRACT 

Provided is a method for preparing a conductive polymer 
which is highly transparent to visible light in at least one of 
its conductive and non-conductive states. A solution con 
taining a monomer component and an electrolyte is intro 
duced into an electrochemical cell and subjected to poly 
merization by cyclic voltammetry. The solution is 
maintained at a temperature within a range of from 0° to 
—40° C. inclusive. Prior to the polymerization, cyclic vol 
tammetry is ?rstly performed at a potential below that at 
which anodic or cathodic polymerization may take place, 
anodic and cathodic limits (A) and (B) being held at respec 
tive values. A trace of current/voltage is monitored until the 
trace becomes stable, and thereafter the value of the limit (B) 
is progressively increased until the said value reaches a 
critical potential having a magnitude at which anodic or 
cathodic polymerization is initiated. 

16 Claims, 10 Drawing Sheets 
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PROCESS FOR THE PREPARATION OF 
CONDUCTIV E POLYMERS 

The present invention is concerned with the preparation 
of polymers which are electronically conductive, and with 
polymers obtained by that process. 

It is known that certain organic polymeric materials may 
be conductive and further that certain such polymers may be 
reversibly and repeatedly converted between conductive and 
non-conductive states by the application of a potential 
difference across a ?lm of the polymer. In general, available 
conducting polymers are coloured materials, typically 
weakly coloured in the non-conducting state and strongly 
coloured in the conducting state or vice versa. 

It is known to prepare conducting polymers by electro 
chemical polymerization. The polymerization of pyrrole by 
such a process is described in the Encyclopedia of Polymer 
Science and Engineering, Vol 13, Wiley-Interscience, New 
York, 1988, pages 42—55. In such a process, the monomer is 
dissolved in an appropriate solvent in the presence of an 
electrolyte in an electrolyte cell. Electrochemical polymer~ 
ization is carried out at room temperature and at a constant 
?xed voltage to precipitate the polymer onto an anode. 
However, under such conditions, coloured ?lms tend to be 
produced. 

In order to improve the strength, especially the elonga 
tion at break of such ?lms, it is known to prepare a ?lm by 
electrochemical polymerization of pyrrole carried out at low 
temperatures between 0° and —40° C. Such ?lms are 
mechanically stretchable to provide a highly oriented ?lm 
with improved conductivity; see Ogarawara et al, Mol. 
Cryst. Liq. Cryst. (1985), 118, 159-162. 

Conducting polymers are potentially suitable for use in 
the form of a ?lm applied to the windows of a building to 
control the ?ow of infra-red radiation, especially heat 
energy, through the windows; see US. Pat. No. 5,099,621. 

If the ?lm is able to prevent such ?ow in one of its states 
(for example in its conducting state) but to allow the 
transmission of heat energy in its other state, then loss of 
heat through the windows can be reduced or prevented when 
required, by the application of the necessary potential dif 
ference across the ?lm. However the strongly coloured 
available polymers are aesthetically unsuitable for such a 
purpose. 

There is also a potential use for conductive ?lms in the 
?eld of infrared photography, to generate images on sub 
strates which are sensitive to infra-red radiation but insen 
sitive to visual light. However ?lms for this purpose clearly 
must be transparent. 

There is therefore a need for a conducting polymeric 
material which is transparent to light in the visible range in 
both its conducting and non-conducting states, even if a 
colour change occurs in the change between those states. 
More preferably, the material should be colourless in both 
states. 

Attempts have been made to produce improved conduct 
ing polymers suitable for the foregoing purposes, by syn 
thesising novel monomeric materials from which to prepare 
the polymers. However the manufacture of the new mono 
mers is both complicated and expensive and the polymers 
arising are relatively unstable and still exhibit colour in their 
conducting form. 

The present invention seeks to minimise or avoid the 
above di?iculties by providing conducting polymers having 
improved properties and provides a modi?ed method of 
production by which this can be achieved. 
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2 
Thus, the present invention provides a method of pre 

paring a conductive polymer by electrochemically polymer‘ 
izing a monomer component comprising at least one mono 
mer in an electrochemical cell having at least an anode and 
a cathode, which method comprises 

introducing into the cell a solution containing the mono 
mer component and an electrolyte, 

maintaining the solution at a temperature within a range 
of from 0° to —40° C. inclusive, and 

repeatedly cycling an electrode potential applied to the 
cell between cathodic and anodic limits one of which (A) is 
?xed and the other of which (B) is set at a value at which 
anodic or cathodic polymerization takes place, thereby to 
effect the electrochemical polymerization, 

which method comprises the additional steps, prior to the 
polymerization, of 

i) repeatedly cycling an electrode potential applied to the 
cell between cathodic and anodic limits one of which (A) is 
?xed and the other of which (B) is set at a value having a 
magnitude below that at which anodic or cathodic polymer 
ization may take place, 

ii) holding each of the limits (A) and (B) at their 
respective ?xed and set values and simultaneously monitor 
ing a trace of current/voltage (hereinafter referred to as a 
cyclic voltammogram or CV) until the trace becomes stable, 
and thereafter 

iii) progressively increasing the value of the limit (B) 
until the said value reaches a critical potential having a 
minimum magnitude at which anodic or cathodic polymer 
ization is initiated. 

The polymerization may then be carried out by repeat 
edly cycling to this minimum critical potential, or to a 
potential having a magnitude no more than 0.01 V greater. 

Moreover, it is often found that after initiation of poly 
merization it is necessary gradually to increase the limit to 
which the potential is cycled in order to maintain polymer 
ization as the polymer ?lm builds up to the desired thick 
ness. 

By cycling the electrode potential in this manner before 
initiation of polymerization and gradually increasing the 
value of potential (B) which is to induce polymerization up 
to a value at which polymerization is to be carried out it is 
possible simultaneously to achieve 

(a) stable electrolytic conditions under which polymer 
ization is carried out, and 

(b) selection of a potential (B) which is the minimum 
required ef?ciently to effect polymerization thereby allow 
ing growth of the polymer ?lm to occur as slowly and 
therefore in as controlled a manner as possible. 

Furthermore, by continuing to cycle the electrode poten 
tial during polymerization a slow, controlled, stable polymer 
growth can be maintained until the desired ?lm thickness is 
achieved. 

Under such speci?ed, carefully controlled conditions we 
found that it is possible to provide ?lms which are highly 
transparent in the visible region. The ?lms may be capable 
of switching between conducting and non-conducting states 
and may be highly transparent in the visible region in at least 
one of these states, preferably the conducting state and more 
preferably in both their conducting and non-conducting 
states. They may also be opaque in the infra-red region, 
especially when in their conductive state thus rendering 
them particularly useful as coatings for windows capable of 
retaining heat within a building. Moreover, the ?lms may 
have particularly stable conductive properties. 

For cathodic polymerization reference to an increase in 
the magnitude of the cathodic potential means an increase in 
negative charge. 
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However, preferably, the polymerization is anodic poly 
merization and the electrode potential (B) is an anodic 
potential capable of providing oxidation of the monomer 
component at the anode. 

In such a method, the electrode potential is cycled 
repeatedly between a ?xed cathodic limit and an anodic limit 
which initially is held at a ?xed value until the current/ 
voltage trace (the cyclic voltammogram) stabilises and then 
is progressively increased to a value at which polymer 
formation takes place. 

As indicated, one of the important variables which is to 
be carefully selected and controlled is the temperature of the 
reaction mixture which is maintained at a value within the 
range of 0° C. to minus 40° C. and is more preferably 
maintained at a value below about minus 10° C., especially 
at about minus 15° C. 
A second important feature of the process according to 

the present invention is the cycling of the electrode potential 
between limits as speci?ed above. That is, the electrode 
potential is initially cycled between a ?xed cathodic limit 
and a ?xed anodic limit until the cyclic voltammogram 
stabilises, whereupon a desired preconditioning of the sys 
tem is judged to have been completed, and is then further 
cycled between the ?xed cathodic limit and an anodic limit 
which is progressively increased, preferably in small steps, 
until it just exceeds the critical potential above which 
polymer formation occurs. That critical potential will differ 
among different systems but can be identi?ed by the occur 
rence of a gradual and continuous increase in the level of the 
anodic current with each cycle. 

It is found to be preferable to ?x the cathodic potential 
within the range —O.3 to —O.7 V inclusive, more preferably 
at around —0.5 V. 

It is preferred to carry out the polymerization by cycling 
from the negative cathodic potential to a maximum anodic 
potential which is the minimum or no more than 0.01 V 
greater than the minimum possible to achieve effective 
polymerization so as to allow slow and controlled growth of 
the polymer ?lm. However, it is often found that in order to 
maintain growth of the polymer ?lm it is necessary, as the 
thickness of the ?lm builds up, to increase the potential limit 
to a value which may be up to 0.1 V higher than that at which 
polymerization was previously initiated. The working poten 
tial should then be progressively increased in steps, for 
example, of the order of 0.01 V until the polymerization 
continues. 

For example, for polythiophene the critical potential may 
be reached at around 1.65 to 1.75 V (versus a Standard 
Calomel Electrode). However, in order to maintain the 
polymerization process it may be necessary to cycle the 
potential up to a voltage as high as 1.85 V. Usually initiation 
of polymer takes place at around +1.75 V. 

For polybithiophene, the critical potential may be 
reached at around 1 to 1.2 V. In order to maintain polymer 
ization it may be necessary to cycle up to a voltage of 1.3 V, 
but initiation is usually achieved at around +1.2 V. 

For polypyrrole, the critical potential may be reached at 
around 0.6-0.7 V. In order to maintain polymerization it may 
be necessary to cycle up to a voltage as high as 0.8 V, but 
initiation is usually achieved at around +0.7 V. 

Typically, the small steps by which the upper anodic limit 
is progressively increased towards the critical potential and 
then above the critical potential in order to maintain poly 
merization may be of the order of 0.01 V. 

A process in accordance with the invention is applicable 
to the production of a range of polymers which are known 
to have conducting properties and no doubt to others. For 
example, it may be used to produce transparent conducting 
forms of polypyrrole, polythiophene, polybithiophene, 
polyphenylene, polyaniline and poly(benzo [C]-thiophene). 
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4 
Typically, the polymeric products may be of such a degree 
of polymerization as to have from about 40 to about 120 
monomer units in each polymer chain, for example of the 
order of 40 such units per chain. 

The solution containing the monomer component and the 
electrolyte may be obtained by dissolving the monomer and 
electrolyte in a solvent and the polymerization reaction may 
be carried out in a range of possible aprotic polar solvents. 
The solvent should be so selected that it will dissolve the 
monomer and the electrolyte and be stable throughout the 
range of operating potentials to be used. 

Moreover, the solvent should have a viscosity at the 
chosen polymerization temperature suitable for electro 
chemical polymerization. A preferred viscosity lies within 
the range 0.25 to 6 centipoise (2.5 to 60 Pa.s><10’4) inclu 
sive, more preferably less than 3 centipoise (30><10_4 Pas), 
especially within the range 0.4 to 1.2 centipoise (4 to 12 
Pas) inclusive. Suitable solvents include acetonitrile, 
methanol, propylene carbonate and tetrahydrofuran. 

The electrolyte may be any electrolyte capable of pres 
ence in a solution at the low temperature employed but is 
preferably capable of providing a tetra?uorborate or 
hexa?uorophosphate ion. Typical examples are tetra-n-bu 
tylammonium tetra?uoroborate or tetra-n-butylammonium 
hexa?uorophosphate. 

Apart from the conditions already expressed above, the 
reaction conditions are those which are usual and well 
known for polymerizations of this type. Thus the polymers 
may be grown upon any suitable inert working electrode, for 
example a platinum electrode or an indium tin oxide-coated 
glass electrode. The working electrode should be well 
polished before it is used. Similarly, any inert counter 
electrode may be used. If it is desired also to use a reference 
electrode, to provide a base against which to monitor the 
potential at the working electrode, an aqueous reference 
electrode is suitable, provided that it is held at a temperature 
above its freezing point and used over a salt bridge. 

The invention will now be further described and illus 
trated with reference to the accompanying drawings and by 
means of the following Examples, which brie?y describe the 
application of the process to the production of various 
transparent conducting polymers. 

In the drawings: 
FIG. 1 represents the reaction taking place during the 

electrochemical polymerization of thiophene (X: S) or 
pyrrole (X= NH); 

FIG. 2 is a schematic representation of an electrolytic cell 
used in the preparative process of Example 1 below; 

FIG. 3 is a schematic representation of an electrolytic cell 
allowing in-situ spectral assessment in the UV-visible light 
range; 

FIG. 4 is a schematic representation of an electrolytic cell 
allowing in-situ spectral assessment by a Fourier Transfor 
mation-IR (FTIR) spectrometer; 

FIG. 5 is a schematic representation of voltage recycling 
(cyclic voltammetry) employed in a process embodying the 
invention; 

FIG. 6 is an actual voltammogram response for the 
growth of polythiophene in acetonitrile with tetrabutylam 
monium tetra?uoroborate as background electrolyte as in 
Example 1 below; 

FIGS. 7 and 8 show growth cyclic voltammograms 
(CVs) for polythiophene ?lms grown at low (—15° C.) 
temperature (FIG. 7) and room temperature (FIG. 8); 

FIG. 9 shows a comparison of UV-Vis spectra obtained 
during the growth of polythiophene ?lms grown at room 
temperature (RT) and at low (—15° C.) temperature (LT); 
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FIGS. 10 and 11 are Fourier Transformation Infra Red 
(FI‘IR) spectra, taken at room temperature, of poly 
bithiophene ?lms in fully oxidised form relative to respec 
tive ?lms in neutral form and grown at room temperature 
(FIG. 10) and low (—-15° C.) temperature (FIG. 11) respec 
tively; 

FIGS. 12 and 13 are FTIR spectra, taken at room 
temperature, of polypyrrole ?lms in fully oxidised form 
relative to respective ?lms in neutral form and grown at 
room (FIG. 12) and low (FIG. 13) temperatures respectively. 

_ EXAMPLE 1 

Polythiophene was grown in a standard, three-electrode 
therrnostatted electrochemical cell (as illustrated schemati~ 
cally in FIG. 2) on a polished platinum electrode 2 contain 
ing 0.1 moles dm‘3 of thiophene and 0.1 moles dm‘3 of 
tetra-n-butylammonium tetra?uoborate in de-oxygenated 
acetonitrile. The acetonitrile was freshly distilled under dry 
nitrogen over calcium hydride as desiccant. The transfer of 
all reagents to the electrochemical cell was carried out under 
moisture and air-free conditions. The counter electrode 4 
was platinum gauze and the reference electrode 6 was a 
standard calomel electrode. 

When the cell temperature had been stabilised at about 
—l5° C., the potential of the working electrode was cycled 
repeatedly between —0.5 V and 1.0 V for thirty minutes (as 
illustrated in FIG. 5) at a scan rate of (i.e. continuously 
changing at) 100 mV/sec; the positive limit was then 
increased in steps of 0.1 V, cycling of the potential being 
continued until the cyclic voltammogram was stable. When 
the anodic potential limit reached 1.5 V, cycling was con 
tinued for over 60 minutes until the currents observed during 
the potential cycles had dropped to almost zero. 
The positive limit was then again increased, in 0.01 V 

steps, the cyclic voltammogram again being allowed to 
stabilise each time before the next increase in the limit. The 
increasing of the limit and the cycling of the potential were 
continued until polymer growth was initiated, as shown by 
a gradual and continuous rise in the anodic current with each 
cycle. This occurred, in the exempli?ed case of poly 
thiophene, at about +1.75 V versus SCE. Film growth was 
continued until a polymer ?lm 8 of the desired thickness was 
obtained. The cyclic voltammogram response during this 
growth is shown in FIG. 6. As can be seen, this includes 
respective regions A where the polymer is in neutral insu 
lating form, B where the polymer is in oxidised conducting 
form and C where polymer growth takes place in a slow and 
controlled manner. 

The resulting polythiophene ?lm was highly transparent 
in both its conducting and its non-conducting forms. 

EXAMPLE 2 

In order to demonstrate more clearly the improvement in 
transparency achieved at low temperature as compared with 
that at room temperature, the above experiment was repeated 
both at —15° C. and at room temperature in a cell, shown 
schematically in FIG. 3 from which the reference and 
counter electrodes have been omitted for clarity. 
The cell 1 is speci?cally designed to allow in-situ UV 

visible studies and is disposed between a light source 10 and 
a detector 12. The anode 14 on which polymer ?lm 16 is 
grown consists of a conducting metal layer of indium tin 
oxide (ITO) on a glass slide 18. UV~visible spectra ?lms in 
the oxidised form were collected at 10 minute intervals, and 
referenced to a blank of solvent, electrolyte and monomer. 
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During the growth of the respective ?lms, growth cyclic 

voltammogram plots were taken and the results are shown in 
FIGS. 7 (low temperature polymerization) and 8 (room 
temperature polymerization). Integration to determine the 
area under these respective curves during the oxidative stage 
(between 0.5 and 1.5 volts) gives the charge passed (2.04 
111C for FIG. 7 and 2.14 mC for FIG. 8) which is directly 
related to ?lm thickness and shows that the respective ?lms 
were grown to the same thickness. Thus, a comparison of 
respective UV-visible spectra fairly re?ects differences in 
transparency. 

FIG. 9 shows the in-situ UV-visible spectra, obtained 
during ?lm growth, for ?lms prepared by both room tem— 
perature (RT) and low temperature (LT) polymerization and 
the much lower absorbance achieved at low temperature is 
clearly apparent. This difference was maintained at RT. 

EXAMPLE 3 

It is of advantage to be able to provide a ?lm which, while 
being transparent to visible light is opaque to infrared (IR) 
radiation, especially in the mid-IR range. In order to dem 
onstrate such properties, polybithiophene was grown from 
bithiophene monomer both at room and low (—15° C.) 
temperatures in a cell speci?cally designed to allow in-situ 
Fourier Transformation-IR (FI‘IR) studies and shown in 
FIG. 4 using a Biorad FTS 40 FTIR spectrometer. 
The cell comprises a glass chamber generally indicated as 

20 of cylindrical shape and having an axial end region of 
reduced diameter and de?ning a sleeve 22 in which is 
slidably mounted an electrode holder 24 of polytetra?uor 
ethylene (PTFE) coaxial with the chamber 20. O-ring seals 
26 are disposed between the sleeve 22 and electrode holder 
24. The electrode holder 24 has, at an axial end remote from 
the sleeve 22, a disc 28 providing an axial end face of the 
electrode holder on which is disposed a platinum working 
electrode 30. A circular platinum wire counter electrode 32 
surrounds the electrode holder 24 and a calomel reference 
electrode 34 is plugged into the cylindrical wall of the 
chamber 20. An axial end of the chamber 20 remote from the 
sleeve 22 is closed by a CaF2 window 36 held in position by 
a screw cap 38 of plastics (PVDF) material cooperable with 
a PTFE seal 40. 

For FI‘IR measurement the position of the electrode 
holder 24 is adjusted so that the platinum working electrode 
30 lies adjacent the window 36 and an IR beam is directed 
at the polymer ?lm growing on electrode 30, the re?ected 
beam being detected by a liquid N2 cooled Hg-Cd-Te 
detector. 

The conditions for growth of the polybithiophene ?lms 
were the same as those of Example 1, except that the anodic 
potential was stabilized at 0.9 V and then progressively 
increased in 0.01 V stages to a potential of 1.2 V at which 
growth took place. 

FI'IR re?ectance plots were obtained, at room tempera 
ture, for polymer ?lms grown at room and low temperature 
respectively, in fully oxidised form at 1.0 V relative to ?lm 
in neutral form at 0.0 V. CV Experiments (results not shown) 
corresponding to those of Example 2 showed that the 
respective ?lms were of similar thickness. The results of 
EUR are shown in FIG. 10 (room temperature polymeriza 
tion) and FIG. 11 (low temperature polymerization). As can 
be seen, for a ?lm prepared by room temperature polymer 
ization the electronic absorption (negative re?ectance) does 
not reach a maximum within the IR range, whereas for a ?lm 
prepared by low temperature polymerization the electronic 
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absorption reaches a maximum at a wavenumber of 6200 
cm"1 towards the centre of the IR region. 

Moreover, visible inspection of the ?lm grown at low 
temperature showed this to be highly transparent in both its 
conducting and non-conducting forms, whereas, in its con 
ducting form, the ?lm prepared at room temperature was 
highly coloured. 

This demonstrates clearly that the ?lm obtained by low 
temperature polymerization obtained by a method embody- 10 
ing the invention is highly transparent to visible light but 
opaque to IR radiation and will thus provide a useful ?lm for 
preventing escape or entry of heat through a window on 
which it is provided. 

EXAMPLE 4 

The method of Example 3 was repeated for the polymer— 
ization of pyrrole (see FIG. 1, X: NH) both at room 
temperature and low temperature (—15° C.) 
The conditions for growth of the polypyrrole ?lms were 

the same as that of Example 4, except that the anodic 
potential was stabilized at 0.4 V and then progressively 
increased in 0.01 V stages to a potential of 0.7 V at which 
growth took place. 

Visible inspection of the ?lm grown at low temperature 
showed this to be highly transparent in both its conducting 
and non-conducting forms, whereas, in its conducting form 
the ?lm prepared at room temperature was highly coloured. 

The result of EUR plots obtained at room temperature for 
?lms of similar thickness (as determined by CV experi 
ments) grown at room temperature and low temperature are 
shown in FIGS. 12 and 13 respectively. 

Again these results demonstrate how, for both ?lms, 
electronic absorption increases on oxidation up to 0.7 V, 
relative to the neutral form at —0.2 V, but that for the ?lm 
grown at room temperature a maximum absorption is not 
reached within the IR range, whereas the ?lm grown at low 
temperature has a minimum absorption towards the mid IR 
region. 

It can be seen clearly from the Examples that processes 
embodying the invention can be used to prepare a polymer 
?lm which in its rest (i.e. neutral or non-electronically 
conducting) state is insulating and transparent to both visible 
and infra red. On the other hand, if a voltage is applied 
across the ?lm it will conduct electricity and become opaque 
to infra red, while remaining highly transparent to visible 
light. 
The preparation process may be carried out easily and 

e?iciently and the starting monomer components may be a 
cheap and widely available monomer such as pyrrole or 
thiophene. 

Thus, the technologically extremely important goal of 
successfully synthesising highly transparent electronically 
conducting polymers has been achieved by processes 
embodying the invention. Such materials are useful as 
antistatic coatings, transparent electromagnetic shielding 
and especially “smart” windows which include a ?lm 
capable of assuming conductive and non-conductive states 
and a device capable of switching the ?lm from one state in 
which the ?lm is opaque to IR to another in which the ?lm 
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8 
is transparent to IR. By selection of a particular monomer 
component, the physical characteristics of the polymer ?lm 
can be tailored according to requirements. 
We claim: 
1. A method of preparing a conductive polymer that is 

transparent in the visible range by electrochemically poly 
merizing a monomer component comprising at least one 
monomer in an electrochemical cell having at least an anode 

and a cathode, which method comprises 
introducing into the cell a solution containing the mono 
mer component and an electrolyte, 

maintaining the solution at a temperature within a range 
of from 0° to —40° C. inclusive, and 

repeatedly cycling an electrode potential applied to the 
cell between cathodic and anodic limits one of which 
(A) is ?xed and the other of which (B) is set at a value 
at which anodic or cathodic polymerization takes place, 
thereby to effect the electrochemical polymerization, 

which method comprises the additional steps, prior to the 
polymerization, of 

i) repeatedly cycling an electrode potential applied to the 
cell between cathodic and anodic limits one of which 
(A) is ?xed and the other of which (E) is set at a value 
having a magnitude below that at which anodic or 
cathodic polymerization may take place, 

ii) holding each of the limits (A) and (B) at their respec 
tive ?xed and set values and simultaneously monitoring 
a trace of current versus voltage until the trace becomes 
stable, and thereafter 

iii) progressively increasing the value of the limit (B) until 
the said value reaches a critical potential having a 
minimum magnitude at which anodic or cathodic poly 
merization is initiated. 

2. A method according to claim 1, wherein the solution 
has a viscosity in the range of from 0.25 to 6 centipoise 
inclusive. 

3. A method according to claim 2, wherein the viscosity 
of the solution is less than 3 centipoise inclusive. 

4. A method according to claim 3, wherein the viscosity 
of the solution is in the range of from 0.4 to 1.2 centipoise 
inclusive. 

5. A method according to claim 1, wherein during the 
electrochemical polymerization, in order to maintain the 
polymerization the magnitude of the anodic or cathodic limit 
(B) is increased to a value no greater than 0.1 V above the 
minimum critical potential at which the polymerization is 
initiated. 

6. A method according to claim 1, wherein the polymer— 
ization is cationic polymerization and the said other elec 
trode potential (B) is an anodic potential capable of provid 
ing oxidation of the monomer component at the anode. 

7. A method according to claim 6, wherein the monomer 
component is selected from at least one of pyrrole, 
thiophene, bithiophene, benzene, aniline and benz[c] 
thiophene. 

8. A method according to claim 7, wherein the monomer 
component is thiophene and the critical electrode potential is 
about 1.75 V. 

9. A method according to claim 7, wherein the monomer 
component is bithiophene and the critical electrode potential 
is about 1.2 V. 

10. A method according to claim 7, wherein the monomer 
component is pyrrole and the critical electrode potential is 
about 0.7 V. 
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11. A method according to claim 1, wherein the solution 
comprises the monomer component, a solvent for the mono 

mer component and an electrolyte. 

12. A method according to claim 11, wherein the solvent 

is selected from acetonitrile, methanol, propylene carbonate 
and tetrahydrofuran. 

13. A method according to claim 1, wherein the solution 
is maintained at a temperature within a range of from —1 0° 

to -15° C. 
10 

10 
14. A method according to claim 6, wherein the electro 

lyte provides a tetra?uoroborate or hexa?uorophosphate 
anion. 

15. A method according to claim 1, wherein, in step (iii), 
the electrode potential (B) is progressively increased 
towards the said minimum critical potential in steps of the 
order of 0.01 V. 

16. A method according to claim 1, wherein the cell 
contains an anode, a cathode and a reference electrode. 

* * * * * 


